1/23 



r 



16 



12 



11 



10 



/ 



x 11 



Figure 1a 
(PRIOR ART) 





Figure 1b 
(PRIOR ART) 



108 



y 102 




CW LASER 


> 









104 



120 



RF SOURCE 



124 



2/23 



112 



z 

TOTAL 
INTERNAL 
REFLECTION 
DEVICE 



110 



J 



114 



DETECTOR 



122 



116 



A/D 



TIMING PULSE 



100 



/ 



118 



CONTROL COMPUTER 



PROCESSOR 



MEMORY 



I/O 



USER INTERFACE [ 



Removable storage 



Figure 1c 




Figure 1d 



Figure 1e Figure 1f 



3/23 



Q START 



S200 i 








SEND CONTROL SIGNAL TO 
RF GENERATOR TO CLOSE 
ACOUSTO-OPTIC SHUTTER 


REPEAT n 
TIMES 


S202 < 





AWAIT TRIGGER PULSE FROM 
RF GENERATOR AND THEN 
CAPTURE AND STORE DATA 
OVER SAMPLING PERIOD 



S206 



S204 

CONTROL RF GENERATOR TO 
OPEN ACOUSTO-OPTIC 
SHUTTER 



AVERAGE CAPTURED DATA 



S208 M 



FIT EXPONENTIAL CURVE AND 
DETERMINE To 



S210 



CONTROL APPARATUS TO 
APPLY SAMPLE 



S212 



CONTROL RF GENERATOR, 
CAPTURE DATA AND FIT 
CURVE TO DETERMINE T1 



S214 , t 

DETERMINE ABSOLUTE 
ABSORBANCE FROM DECAY 
TIME DIFFERENCE (To-T1) 



S216 



DETERMINE CONCENTRATION 
OF SENSED SUBSTANCE 



Figure 2 



4/23 



300 



302a 



V 



300 



302b 



r 



302a 



1/ 



300 



302b 



FSR 



1/ 



300 



1/ 



300 



i! 



FREQUENCY 



Figure 3a 



304b 

^ x 304a 



















\ 306 \ 




N 


► 



FREQUENCY 

Figure 3b 




FREQUENCY 

Figure 3c 



5/23 



J. 



102 



104 



114 



LASER 



402 



COLLIMATING 
OPTICS 



404 



FIBRE OPTIC 



.Z 



120 



RF SOURCE 



122 



124 



TIMING PULSE 



400 



/ 



y. / 



118 



CONTROL COMPUTER 




PROCESSOR 




MEMORY 




I/O | 


| USER INTERFACE | . 




Removable storage 



Figure 4a 



414 



y410 


z 404 . 


/ 405 ^408 ^406 ^ 















412 




Figure 4b 



Figure 4c 




6/23 



- 










T 




1 

J 

1 












T 








I 


i 

— {— CT^yg 













i 






T 










■U 






r "" " 

i 












IT 

i 1 






X 
1 

1 

~ „. L. 








-4~r-r-t~ 


... 




f J 






..L 
.L 
J-. 
J 

j " 










\ 




450 
















i 

; 














j 
1 

..J 







Figure 4e 



7/23 



jL 



102 



104 



LASER 



120 



TIMING 
PULSE 



/ 



124 



402 



114 



RF 
SOURCE 



DETECTOR W 0 °°£ s 




504 



,404 



FIBRE CAVITY 



406 



A/D 



122 



118 



CONTROL COMPUTER 



PROCESSOR 



MEMORY 



I/O 



I USER INTERFACE | 



116 



^500 



Figure 5a 




Removable storage 



402 



COLL 
OPTICS 




510 



jL 



508 



FIBRE AMP 



FROM 
LASER 



TO 



DETECTOR 



COLLIMATING 
OPTICS 

— V 




502 



■406 



Figure 5b 



8/23 




4S§. 
408 



409 



Figure 6a 



405 





409 






408 




409 


406 


409 




408 






409 





404 



Figure 6b 



9/23 




Figure 7a 

INTENSITY 




TIME 



Figure 7b 




FLOW CELL 



Figure 8 



10/23 




Figure 10 



11/23 




Figure 12 




Figure 13 



0.9995 Mirrors 



Spliced fibers 

\ 



Evanescent wave 



25-30 jam 



16.5 mm 
Taper 



Figure 14 



13/23 




Figure 15 




1600 



Figure 16 



14/23 




Figure 17 




Figure 19 



16/23 




0 -I : — i —i 1 " 1 1 ' : — : — » 

100 200 300 400 500 600 700 800 900 

Scan Wavelength /nm 



Figure 20 




Figure 21 



17/23 



20 i 




o -i 1 — — 1 1 1 ' 

700 900 1100 1300 1500 1700 

Vehicle Mileage / miles 



Figure 22 




0 -I ' ' 1 1 

0 500 1000 1500 2000 

Mileage / miles 



Figure 23 



18/23 




100 200 300 400. 500 600 700 800. ; 900 



Scan Wavelength / nm 



Figure 24 




Figure 25 



19/23 



1 



1800 
1600 
1400 
1200 
1000 - 

800 

600 

400 - 

200 
0 



In Air 



50000 



Engine Oil 
0 Miles 




Engine Oil 
1680 Miles 



100000 150000 
time / ms 



200000 



250000 



Figure 26 




20/23 




Temperature / C 

Figure 28a 




Figure 28b 



22/23 




Figure 30b 



23/23 




Figure 31b 



